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ABSTRACT

The atmospheric total density data from the Explorer 17 Atmos-
pheric Density Experiment are presented. The equations used for in-
terpretation of the gauge output currents in terms of atmospheric
density arederived. Possible systematic error due to gauge calibration,
energetic gas beam-surface interaction, adsorption-desorption effects,
chemical compound production, and gauge nonlinearity are evaluated;
and it is concluded that the previously reported density values should
be increased by 35 percent. The effects of variations in atmospheric
composition on the density values are as follows: If an atmosphere of
100% atomic oxygen was assumed, but the atmosphere was really 100%
helium, the density values should be increased by a factor of 1.6. Cor-
respondingly, if the atmosphere was really 100% molecular nitrogen, the
density values should be decreased by a factor of 0.72.
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ATMOSPHERIC DENSITIES MEASURED BY THE
EXPLORER 17 DENSITY GAUGES: ANALYSIS OF
ERRORS AND THEIR EFFECTS UPON THE MEASUREMENTS

by
George P. Newton and Richard Horowitz
Goddard Space Flight Center

INTRODUCTION

The total atmospheric density experiment was one of three aeronomy experiments carried on
the Explorer 17 aeronomy satellite. The satellite was launched on 2 April 1963 into an orbit with a
58 degree inclination, a perigee altitude of 256 km and an initial apogee altitude of 920 km. Its ac-
tive lifetime was 100 days. The satellite and its instrumentation are described elsewhere (Horowitz,
1963; Spencer, 1965).

The sensors used for the density measurements were a modified Bayard-Alpert and two modi-
fied Redhead magnetron cold cathode ionization gauges. Each type of sensor is shown in cross
section in Figures 1 and 2. The electronic instrumentation, preflight calibration and processing,
and orbital operation of these gauges are described in previous publications (Newton et al., 1963;
Newton et al., 1965; Pelz and Newton, 1967).

Data were recorded in real time for 4 minute intervals by the minitrack ground stations listed
in Table 1. Conclusions drawn from the total.atmospheric density experiment data have been
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Figure 1—Cross-section of Bayard-Alpert flight gauge. All dimensions are in millimeters,



reported previously (Newton et al., 1963; Newton et al., 1964; Newton et al., 1965; Newton, 1967).
The present report presents the data; gives the theory used to interpret the measured data in terms
of atmospheric densities; and evaluates some possible systematic errors in the density values not

previously discussed in detail.
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Figure 2—Cross-section of Redhead flight gauge. All dimensions are in millimeters.

Station
Collége, Alaska, USA_
Winkfield, England
Grand Forks, Minnesota, USA
Saint Johns, Newfoundland
Blossom Point, Maryland, USA
Mojave, California, USA
Fort Myers, Florida, USA
Quito, Equador
Johannesburg, South Africa

Woomera, Australia

Santiago, Chile

Table 1

Minitrack Ground Station Locations.

Geographic Latitude
64°N
51°N
48°N
47°N
38°N
35°N
27°N

1°S
26°S
31°8

33°8

Gé;éraphic Longitude
212°E
359°E
262°E
307°E
283°E
243°E
278°E
281°E

28°E
137°E

289°E




MEASUREMENT TECHNIQUE AND INTERPRETATION

The techniques used for making density measurements with manometers in rockets (Schultz
et al., 1948; Havens et al., 1952; Horowitz and Kleitman, 1953) were applied to the Explorer 17
density measurements. The theory used to interpret the gauge output currents in terms of atmos-
pheric densities is presented in the Appendix A, This theory takes into consideration the presence
of more than one gas species in the atmosphere, the nonlinearity of the cold-cathode gauges and the
composition sensitivity of the gauges. Also discussed in the Appendix A are examples of the effects
of variations in composition, both in the atmosphere and within the gauge enclosure, upon the meas-
ured densities.

SOURCES OF SYSTEMATIC ERROR

The precision of the data and the effects of absolute calibration errors, uncertainty in the gas
composition of the atmosphere, satellite attitude and velocity uncertainties, and satellite position
uncertainties on data accuracy were discussed in an earlier report (Newton et al., 1965). The ef-
fect of the recombination of atomic oxygen inside the gauges was also evaluated (Newton et al.,
1965). It is possible that additional uncertainties in the density values, not previously evaluated in
detail, could be generated by one or more of the following sources:

(1) The calibration error which arises from insertion of a cold trap between the McLeod
gauge and the calibration system (Ishii and Nakayama, 1962; Meinke and Reich, 1963)

(2) The interaction of the atmospheric gas beam generated by satellite motion with the internal
geometry of the gauges (Newton et al., 1968)

(3) The adsorption and desorption of gas by the gauge internal surfaces (Moe 1966; Moe and
Moe, 1968)

(4) The production of chemical compounds within the gauges (Von Zahn, 1967)

(5) The errors which result from the assignment of equivalent constant sensitivities to the
nonlinear gauges

The effect of the calibration error (1) has recently been evaluated by comparing our secondary
nitrogen calibration standards with two nitrogen calibrations obtained by techniques independent of
the McLeod gauge and its attendant problems.* The results of this comparison indicate a system-
atic 20 percent error in our calibrations. This error is consistent in magnitude with the estimated
error of the "Ishii effect’ (Ishii and Nakayama, 1962) for our calibration geometry and is in the
same direction. Accepting this systematic error resulis in a systematic increase in our density
values by 20 percent.

*These calibrations were kindly provided by Mr. F. Kemn of LRC and Mr. W. Fulton of MSFC. Both used a measured gas flow technique.
The results of their calibrations are believed to be accurate to better than 90 percent, with an expected error of 15 percent for pressures
above 1078 Torr.



The effect of the interaction error (2) has also been investigated (Newton et al., 1968); accord-
ing to preliminary conclusions, if there were no specular collisions and no adsorption of the gas in
the gauges, the atmospheric density values would be decreased by approximately 10 to 22 percent,
depending on angle of attack. The mean effect of this on the Explorer 17 results, obtained by av-
eraging over all angles of attack, is to decrease the density by approximately 13 percent,

The adsorption-desorption effect (3)has been investigated by Moe and Moe (1968) and by Newton
etal., (1968). Moe andMoe conclude that adsorption-desorption effects could cause the gauge-
measured atmospheric density to be underestimated by 34 percent. Their theory assumes that a com-
plete adsorption-desorption cycle occurs during each satellite spin cycle. However,the minimum
pressures observed by the gauges during each spin cycle are different for increasing and decreasing
altitude passes. This indicates that the adsorption-desorption process is not fully completed during
each spin cycle, but has at least some component with a characteristic time of the order of an orbit
period. The impact of this on the results of the Moe theory is not known to the authors.

Newton et al., (1968) considered the combined effects (2) and (3). Their results, for an adsorp-
tion probability of 0.003, which is close to that used by Moe and Moe (1968), lead to similar con-
clusions regarding the effect on the density values. However, the desorption phenomenon was
ignored in the calculations of Newton et al. Recent analysis using Explorer 32 gauge data (Silverman
and Newton, in preparation) of the spin cycle minimum pressure, considering variations over time
intervals comparable to orbital periods, indicates that the adsorption probability should be smaller
than 0.003 by approximately a factor of four. This would result in a decrease of the previously
calculated error in the density values due to effects (2) and (3). The questions of the actual effects
of and associated density errors due to considerations (2) and (3) must remain open at this time,
since the actual condition of the gauge internal surfaces and the results of collisions of entering
atmospheric particles with those surfaces are still unknown. However, regardless of these unknowns,
it appears at this time that the maximum possible error due to effects (2) and (8) is approximately
+35 percent and that the actual error probably is much less than 35 percent.

Production of chemical compounds within the gauges (4) is not believed to be significant. Our
laboratory experience with the gauges in molecular oxygen indicate that CO and CO, production by
the gauges is negligible. However, if the phenomenon of atomic oxygen entering the gauge and being
converted on a one-to-one basis to CO were to occur, then the effect upon the atmospheric density
values would be to decrease them (as can be seen from Equation Al4 of the Appendix). This is be-

cause the effect of the mass increase of the gas
Table 2 inside the gauge would more than offset the dif-

Summary of Errors Due To Effects (1) Through (5). ference in gauge sensitivity between the two gases.

Effect Maximum Uncertainty | Probable Uncertainty The error due to effect (5), the use of con-
_(percent) (percent) stant sensitivities, is discussed in the Appendix.
1) +20 +20 The result is that the error averaged over al-
g; ;ig } <+10 (?) titude is probably less than +10 percent.
) NA 0 Table 2 provides a summary of the effects of
©) 15 +5 (1) through (5) on the density values previously
Total 48 *35 reported. Columns 12 and 14 in Table 3 are the




unadjusted and composition adjusted densities,
respectively, which have been corrected for
the total probable uncertainty shown in Table 2,
that is +35 percent.

Figure 3 shows the new estimated error
as a function of altitude (similar to Figure 3 in
Newton et al., 1965).

THE EXPLORER 17 ATMOSPHERIC
DENSITY EXPERIMENT DATA INCLUDING
EFFECTS OF VARIATIONS IN COMPOSITION
AND OF SYSTEMATIC ERRORS

Generally, each four-minute interrogation
of the satellite by a ground station resulted in
several hundred density measurements (one
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Figure 3—Percent error in absolute value of atmospheric
density versus altitude. Selection of data analyzed
allows this form of presentation.

measurement for each satellite rotation), To simplify the data handling, a straight line represent-
ing a visual average of this data when plotted on a log p vs altitude plot was used to represent the

data from each pass. The endpoints of this line for each usable turn-on of the Explorer 17 Atmos-
pheric Density Experiment are presented in Table 3. The columns in this table, reading from left

to right, are:

(1) The three letter station code for the stations of Table 1

(2) The orbit number corresponding to the orbit of the data-producing interrogation

(3) The date the data were obtained

(4) The start and end altitude of the line representing the data

(5) The start and end local time of the data

(6) The geographic longitude and latitude of the subsatellite point at the start and end of the

data-producing orbit segment

(7) The mean Greenwich time for the start of the data
(8) The start and end densities of the line representing the data, uncorrected for composition

(N,, 16 as discussed in Appendix A)
2

(9) The daily geomagnetic activity index, A, for the day the data were obtained

(10) The daily solar intensity index, F

10.7 ?

for the day the data were obtained

(11) The composition adjustment factor applied to the data (using the Explorer 17 diurnally
averaged mass spectrometer data (Reber and Nicolet, 1965?)

(12) The densities of column 8 adjusted for the probable systematic error as discussed in the

previous section

(13) The start and end composition-adjusted densities originally published
(14) The densities of column 13 adjusted for the probable systematic error discussed in the

previous section.



Table 3

Atmospheric Density Values From Explorer XVII Pressure Gauge Experiment

April-June 1963.

CORRECTED
T CURRECTED COMPOSITION CCMPOSITION
LJUC AL GEUGRAPHIC MEAN RHU NZslb RHC N2s16 ADJUSTED ADJUSTED
TTTT T T T T ALTITUDE TIME LONGITUDE LATITUDE GMT DENSITY A F COMP, DENSITY DENSITY DENSITY
STATION PASS UATE (KM ). (HRS) (DEGREES) (HKS ) (GM/CC) (P) (F10,7) (k) (GM/CC) {(GM/sCC) (GM/CC)
8P & 403 523 5,15 104 40 12,06 2.,00-17 4., T4, 1,030 2, 76-17 2.1E-17 2,88~17
) - 5927 T 8,82 -94 31 1,3€-17 1 ,8E~17 1.3E-17 1.,BE~-17
8PO 15 406 440 3,84 -75 50 B.8O6 LJTE=-17 13, 70, 0,993 9,0e~17 6,7E-17 9.0E~17
505 3,75 -2 &1 T T 1,96-17 2. 6E-17 T.SE=17 ZJ5E-T7
BPO 35 405 513 4,061 ~90 39 10,66 441E-17 32, 72, 1,020 S545E~-17 4,2E~17 5,6E-17"
cT T T Bsl T T 5,25 ~82 30 2.36-17 3.1E-17 2,3E-17 3,2E-17
BPO 49 406 461 3,76 -89 45 ve12 TeSE-17 19, 78, 0,999 1,0E-16 7.5E-17 1,0E~16
- - - T TBZE 4,54 -639 36 3.4E-17 44,86E-17 3,3E-17 4,6E-17
8P0 64 407 465 3,00 -84 43 9,23 545E-17 15, EO 1,000 T 4E-1T 5,5E-17 Te4E-17
T30 %, 32 =74 3% T T 3,6E-17 4,9E~17 ~ F¢BE-17 ~ T ATYE-TIT
BPO 93 409 441 2,87 -74 44 7,82 5.56-17 7. 82, 04992 7e4E~17 5,5E~17 Te4E=-17
T **‘_ -64 36 Lo 7E~17 2,3E-17 1,7€-17 2,3E-17
8PQ 118 410 281 18443 -77 32 23,59 i1.3C-14 2. 82, 0,785 l,8c~14 1,0E-14 1,4E~14
_ T T T T Zew 19,08 "~ 77 =68 41 1,9E~14 2.6E~14 1,5E-14 2,0E-14
BPO 148 412 275 lo,1e -85 47 23,82 l.8L—14 9. 93, 0,781 24,4E-14 1,4E-14 1,9€E~14
252 T8,93 =7E %6 T 2. 2E-13 - - 3L0E-1T"TL7ESTG — 2,3EFTT
8PC 182 415 440 1,55 -78 37 6,77 le2b-16 15, 88, 0,980 1 ,E~16 1,26-16 1,6E-16
T - 4786 TTTTIL 92 — T =73 32 4,6E~17 6,2E-17 4,5E-17 6, 1E-17
sPa 192 415 292 16,55 -82 34 22,46 L,4E~16 15, BB, 0,790 1, 9E-14 1,1E~14 1,5E~14
’ 269 7,7 7T =71 &a 2.5E-14 3,4E-14 2,06-14 2,7E-123
BPO 167 416 425 1,13 -8€ 39 6,87 Ye2E-17 64 8o, 0,977 1,2E-10 9,0E-17 1,2E-16
385 ~Te 75 =77 29 TTTTTTTTT 2,L,3E-17 3.2E-17 T2 3ESTT EXY-400 wan




Table 3 {continued)

) CORRECTED
CURRECTc) COMPOSITION COMPOSITION

LOCAL GLLOGRAPHIC MEAN RHu N2y lo RHU Ny lo ADJUSTED ADJUSTED

ALTITUDE TIME  LUNGITUDE LATITUOE oM T DLNSLTY A F COMP, DENSITY DENSITY DENSITY

STATION PASS DATE (KM) (HRS) (CEGRELS) (rRs) (GasCl) (P} (FLUL7) (K} (eM/CL) (GM7CC) (GursCC)
8FU c3e 418 300 Lo, 8 35 21,13 l.ot=14 15, A, 0,739 1o3E-14 7.96-15 1,1E-14
275 lo, 78 G 2,3r-14 3,1e-14 1,8E-14 2,4E-14
8PO cal 419 380 24, 85 -84 42 D665 LeE-15 1C, B4, 0,390, BslE-16 5, 3C-16 7.2E-16
BPU L) 422 350 22,72 -31 44 4411 lage—1v 11, 72, 0,365 le98-1b 1.2€-15 1,6E~-15
4600 22, 40 -74 42 Je4r-1lo 1,3E= B.1E-16 1,1E-15
BP0 710 423 320 14,51 -5l 36 19,93 Se7i-1% 9, 71, 0.321 5,0E~15 3,0E-13 4,1E-15 -
290 15,21 -71 44 9,0e-15 L.2E-14 7J4E-15 1,05~14
8PU 125 424 310 14,47 -84 4u 23,02 Salr-15 2. 73, 0,829 4,2E~15 2,5E-15 3,4E-15
280 19y 38 -7y 48 7enn-15 1,06-14 6. 16-15 8,3E-15
T 8PU 340 425" 420 2es 95 -2 28 4,04 Lelb=17 “, 72, 0,950 8.4E~17 Se9E-17 8,0E-17
496 23,26 -7s 22 2.3L-17 3,1E-17 2,2E-17 2,96-17
BPG  3d4 428 EER) 13,33 -31 41 18,74 4,415 3, 7. 0,822 5,9E-15 3.6E-15 — 7 F,9E215 "7

288 14, 29 -o7 50 94 3E~15 1,3E-14 746E-15 1,0E-14
- “TBPo  18s 425 a2s 20,74 -71 41 1,47 2,7E-15 4, 73, 0,845 3,66~ 2,3E-15 3,1E~15
335 20,94 -6y v 1,8E-15 244E-15 1,56~15 2,1E-15
BPO 413 430 "360 12,27 -74  so 17,23 1.,3L-15 23, 8, 0,865 1.8£-15 1.1E-15 1,56-15
347 12,45 -72 39 1,9E-15 246E-15 1,6E-15 2,2E~15
BPO 418 561 EF] 20,22 -d1 40 T.59 4,6E-15 35, a2, 04845 642E-15 3.,9E=T5 5,2F-15
330 29,37 -7z 398 3,1:-15 4,26-15 2,5E-15 3,5E~15
BPO 4437 T B0Z2 T 0 3s9 11,480 -84 39 17,42 2,b6E-15 24, 82, 0,860 3.5E-15 24 2E~15 3,0E-15
324 [, 44 -75 46 542E-15 7.0E-15 4,5E-15 6,0E-15




Table 3 (continued)

CORRECTED
- T CORRECTED COMPOSITION CCMPOSITION
LUC AL GEQGRAPHIC MEAN RHO N2y 16 RHAU N2s 16 ADJUSTED ADJUSTED
T ALTITUOE™ TIME ~LONGITUDE LATITUDE GMT ™~ DENSITY A F COMP, DENSITY DENSITY OENSITY
STATIGN FASS DATE (KM} (HRS) (DEGREES) (HRS } (GM/CC) (P) (F10,7) (x) (GM/CC) (GM/CC) (GM/CC)
BPL 458 503 370 11,33 -92 37 17.48 1,4E-16 14, 81, 2,865 1e9E-15 1.2E-15 1.6E-15
330 12,10 ~-81 45 4,2E-15 5, 7E~15 3.6E-15 4,9E~15
BPD 472 504 380 11,09 -73 37 15,93 l1.1E-15 19, 82, 0,880 1.5E=1%5 9,7E-16 1,3€-15
335 Tl.42 -68 ~42 T Z,0E-15 2,7E-157TTTITBESTS T TTTTZL,EESTS
B8FG 4g2 506 296 18,57 -87 40 0,38 7.20-15 9, 87, 0,829 D TE~-1S 5,9E-15 8,0E-15
320 19,05 T 7 =30 34 2.9€-15 3,9E-15 2,4E-15 3,2E-15
8PC =06 s06 273 17454 -78 a7 22,78 2,0e-14 S 87, 2,798 2.7E-14 1,6E-14 24,2E-14
o 29% T T 18,42 - -65 38 6. 6E-15 8,9E-15 5,3E-15 T.1E-15
BPU  Slu 507 14,52 6, 38, 0,895
333 10,32 =63 &0 5,BE-1& B,9E-1& ~ TBIUESTE T T B UE=I&
B8P0 S4¢ 509 14,68 14, 88, 0,899
T ) 387 T 9,81 -73 42 9, 46E-16 1,3E-15 8,5E-16 1,1E-15
BPO 561 510 371 9,89 -73 4o 14,73 1,76~15 14, 67, 0,875 2.36-15 1,5E~15 2.0E-15
''''' T "356 7 10.14 T —6% 43 2,6E~15 3,56-15 2,3E-15 3,1E-15
o _ . _ L]
B8P0 595 s12 286 16,61 -75 3o 21,62 1.7t-14 N 87, 0,809 243E-14 L 4E-14 1,9E-14a
J0Z 17.04 ~&65% 30 IJTE-T% - 1,5E-14 -~ "TB,9EFTS T.2E-1T3%
BPO 079 518 508 6428 -84 34 11,91 2.9E~-17 3. 95, 0,994 3,96-17 2,9E-17 3,9E-17
- . 443 7.01 " -74 43 1,0E-16 1,3E-16 9,9E-17 1.3E-186
BPU uSa 519 4vo 6, l6 -d7 37 11,99 2,5E-17 Se 99, 0,992 3,4E-17 2,5E-17 3,3E-17
432 T TB,9B - -76 46 1.2E-16 1,6E~16 1,28-16 1,6F-16
3P0 €98 519 59 13,79 -74 43 18,76 3e7E-14 S 99, 0,779 5,0E-14 2,9E-~14 3,9E-14
769 T4, 5% =67 3% : 2,3E-14 3,1E-12 1.8E=15" """ 2,8E-1%



Table 3 (continued)

o L o CORRECTED
CURRECTED CUMPOSITION COMPOSITION

LOC AL GEUGRAPHI1C MEAN RHO Ney 16 RHU N2s16 ADJUSTED ADJUSTED

ot T ALTITUDE TIME LENGITUDE LATITUOE GMT DEN>ITY A [ COMP,  OENSITY DENSITY DENSITY

STATION FASS CATE (KM) (HRS) (DEWREES) (HRS ) (GMsCC) (P) (F10,7) () (GM/CC) (GM/CC) (GMscC)

8PU 723 s21 477 4495 ~09 42 10,06 4,0E-17 9. &4, 04999 5,4E-17 4,0E-17 5,4E-17
- TTTo T T T T g2 5,60 -74 37 1,36-17 1,3E-17 1,36-17 1,86-17
BP0 738 522 516 5,24 -79 37 10,538 1,06-17 3 dv, 1,000 1.36-17 1,2E=17 1,38-17
481 5. 63 ~7a8 827 T JelE—17 4,2E-17 3,1E-17 T 4,2E-17
BPO 768 524 500 4,95 -85 42 10.64 1,46-17 2, 8y, 0,997 1,96-17 1,4E-17 1.,96-17
Tt T TTTATdT T 8,34 -80 4o 2,9E-17 3.9E-17 2.9E-17 3,9E-17
BPO €31 528 267 13,6¢ -78 45 15,88 2.5E-14 o, 79, 0,775 3.4E-14 1,9E-14 2,6t-14
- T T LY 11,37 -68 37 3,2E~14 4,3E-14 2,56-14 3.3E-14
8P0 £76 €31 26z 10,21 -87 3y 16,02 2,8L—14 9, 89, 0,772 3.8E—14 2,2E-14 2,9E-14
257 10,77 =79 31 TTTTTTTTT 3,.08-14 4,0E-14 2,35~-14 3.15-14
BP0 890 601 259 9o 30 -7o 4> 14,44 3.9L-14 11, B4, 0,739 He3b-14 3,0E-14 4,1C-14
T T T 27e 10,1y -64 35 3.0F-14 4,0k-14 2,3E-14 3.2E-14
8ro %45 604 zo4 Jell -82  3do 14,58 1,9E-14 5. 79, D772 2e0bk-18 1,5z-14 2,CE~-14
T 256 9,66 T -74 2y 2.0E-14 3.56-14 2,08-14a 2.76-14
BPO 949 €05 2bs 8,07 -73 45 12,95 6,0E-15 2, 73, 0,739 8.1E~10 4, TE=15 5,4C-13
265 3.84 =62~ 36 CTTTTTITO1L,7E-14 2,3E-14 1.,3C-14 1.8C-14
BRU s64 606 282 3,03 -75 42 13,04 5,00-15 16, 77, 0,737 delt-15 4,7E-15 64 4L~15
- T267 Be 51 -8 36 1,1E-14 1,3E-14 8,7E-15 1,25-14
BPG 594 6o 275 7475 -30 37 13,12 1.26~14 12, 97, 24780 leok~-14 9, 85-15 1,38-14
- ’ 259 8, 35 -72 28 2,6E-16 3.5E-14 2,0E-14 2,7F-14
MO J 7 403 517 5,07 -129 41 13,68 2,1L-17 4, 74, 1,023 2.,8E-17 2,16-17 2,9F=17
111 5. 75 =119 31 " 7T T T1,0E-17 1,3F=-17 1,52-17 1,4E-17




Table 3 (continued)

CUSRLLTED

CO2RECTED

COUMPOSITION COMPOSITION

LUC AL GELGRAPHIC MEAN Rty N2s 16 RHU N2slb ADJUSTED ADJUSTED
ALTITuuL  TIML LUNGITULE LATITuDE GMT UeNSITY A F COMP, b NoITY DENSITY DENSITY
STATION FASS  UDATe (KM) (HR >} (DEGREES) (kS ) (ai/CC) (vl (F19,7) (K} (uM/CC) toM/cC) (aM/CC)

TTTMod 2t 404 484 4,47 115 44 12,13 Seob—17 19. 70, 1,000 4,9E-17 3, 6E=17 4,9F=17
530 5,009 -107 3o 1e9E-17 246E-17 1,917 2,6E~17

MCJ 36 4905 499 4423 -118 ae 12,24 Deur—17 32, 72, 1,007 G, 717 5.0E~-17 6.BE~17
- - 550 4,96 -110 34 2,117 2. BE-17 2.,1E-17 2,9FE-17
MG J 243 419 447 2, 64 -121 3 8,73 6e2c—17 104 gy 0.9y91 d,4e-17 6 lE-17 843017
483 0,96 -117 2o 2.4T-17 3.26-17 2,4%5-17 3.206-17

MUJ 420 501 338 20649 -125  3b 4484 3.ub=1% 3o, a2, 0.850 5.3t-15 3,3F-15 4,%E—-173
350 20,66 -123 33 2.5E-15 3,40-15 2.1E~1S 2,95-15

MCJ 463 300 G 14,50 —l1le sl 1,96 Cole—13 i w7, 0,025 Yeot=15 549515 T.9E-19
I ~ 320 5.3 ~ -104 34 2,4E-15 3. 2E-15 2,05-15 2,7E-15

MOJ 508 507 301 18,44 -1ls 3a 2400 belL=~15 N 53, 09,4335 Gy at=1% 5,20~1% 7.0E~15

330 18,64 -107 30 2.18-13 2.3E-15 1,3E-15 2.4E-1

MC 3 w7 509 405 Be 94 -19y 30 lo.21 1.9c-16  l4, a3, 0,992 1,3-16 .90 -17 1.37-16
MOJ 704 523 259 lesdy -11§ 3 20497 Zebi=14 3. 33, 2,777 3.3E-14 2.0E-14 2,7E~14
269 13.52 -106 2y 1,66-14 2,2k-14 1,20-106 1.75-14

NFL 4 404 404 4439 -oo 43 d, 79 we20-17 4y Ta, 04999 S,76-17 4,2¢-17 Se7E=-17
825 be 20 -54 40 lebt=17 2,2L-17 1,pE=-17 242F=-17

NFL T 304 TTT&%0 0 T T3L.E5 -51 43 7.27 6.,9=-17 13, 73, 24375 S.32-17 6., 7TF-17 9,15-17
472 4,39 -44 4B SebL-17 4q4L-17 3,56-17 4, 7F =17

NFL 33 405 475 4,18 -4t 44 7.4C 7T.70-17 32, 2. J.4937 1.9e-16 7 PE~-17 1,9F-16
495 4,42 —43 42 543F-17 743617 5, 8E-17 Te3E-17
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Table 3 (continued)

CIRRECTED
CURRECTFD CUMPOSITION CUMPOSITIUN

LULC AL GECGRAPHLLC AEAN KHU NZslo AC N2s16 ADJUSTED ADJUSTLD

ALTIWUDE TliMe LENGITULOE LATITUDS oMT UzNBITY A F CUMP, DENSITY DENSITY DENSITY

STATION PASS DATE (KM) (HRS) (CELorEES) (HRS ) (64/7CC) (P) (Flo.7) (K) (GM/CC) témscc) (GM/7CC)

NFL 254 42u 315 22, 20 -0 92 2ecd 4,6L-1% 7. 76, 044355 be2E=15 3,9E-15 5,3E~15
355 23,25 —a6 45 Se0L-18 1.1E-15 648E-16 942E-16
NFL 785 525 <80 10,0640 -5l oe 14,10 le2l-14 3, a3, 04735 leo0c-14 9 4E-15 1.3E-1a
- ) 263 11,65 -37 45 24214 340E-14 1,7E~14 2,35~14
NFL GV 526 282 10439 -5a 52 14417 1,3L-14 6. 76, 0,765 1.8E-14 1,0c-14 1,8E-14
T 263 7 11,42 -42 44 l,00-146 3,5E~14 2,0E~14 2.8E~-14
NFL a1s €27 2ol 10,24 -59 b5l 1a,21 l.le-14 7. ER 0,785 1,5E-14 3,6E-19 1.2E~14
- . 262 11,25 -45 42 2, 7E-14 3.6E-14 2,1E-14 2.96E-14
NFL E4l 529 800 3, do -ta 47 7.03 Jecc=17 21, 62, 0,997 DJlE-17 3,4E-17 5. 1E=17
465 4, 44 —4g 51 el —17 7.3E=-17 S5,4E-17 T.3E-17
NFL a50 230 497 3473 ~53 4n 7.07 JeorL-17 12, A3, 2,995 4,0E=-17 3,06-17 4,0E-17
T o Y '¥Y ) .35 -50 5 U, b=17 d,6E=-17 6.4E=-17 8.6E-17
NFL e74 531 296 3446 -58 o1 12, 79 Sent-14 9, 89, 0,793 1e2E-14 648E-15 942E-15
: T 7270 T T w.85 —44 43 2eui—l4 3.2c-14 1,9E-14 2.6E-14
NFL CET] o0t 302 347 -u4 51 12477 l,oe=14 11, B4, J,738 2,0E-14 1,2E-16 1,6F~14
272 9. 53 -4 43 3.40-14 44,56E-14 2. 7E~-14 T 3,7E~1a
NFL Sc3 606 300 7.5 -57 47 11, 34 3eaf-15 16, 77. 2,795 446E-15 2,7E-15 3.,66=-15
270 Be 42 -44 37 ly4r-1a 1,9E~14 1.16-14 1,5E-14
NFL 77 607 240 0,26 -52 2 I, 70 2.20-15 43, Ba, 0.837 3.9E=15 1.,83E-15 2,56-15
- T ) §7 7.39 -16 45 7.5£-15 1,0E-14 6,3E-15 8,5E-15
NFL 592 608 331 0, 30 -52 99 9. 78 ly2u=1% 12, 90, 0,833 1e6E—15 1,02-153 1.3E-15
293 727 T -33 43 3,9E-15 8,0E~15 4 ,9E-15 6,6E~15
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Table 3 (continued)

CORRECTED
B ) JURRECTED COMPISITION CUMPOSITION
LOC AL GEUGRAPHIC MEAN RHU N2, 16 RMUO N2sl0 ADJUSTED ADJUSTFD
- ) ALTITUDE TIME LONGITUDE LATITULE GMT DENSITY A F COYP, DLNSITY DENSITY DENSITY
STATION FASS LATE (KM} (HrS) (LEGREES) (HRS) (Gw/CC) (P) (F10,7) (K) (GM/CC) (GM/CC) (GM/cc)
TTTFC 126 411 2ol 19, 89 -105 49 2,91 2.1E-14 3. 8a, 0,778 2,8E-14 1,65-14a 242E~14
279 20499 ~-83 55 1.5E-14 24,0E-14 1.26-14 1,6E~14
GFQ 163 416 269 17,94 -32 46 [(PREY 3,8E-14 b4 S8, 0,776 S5.1t-14 2,9E-14 4,0E-14
GFO 238 417 co8 17,5€ -99 45 0,20 2,3E-14 7. 87. 0,778 3,1E-14 1,8E-14 2,4E-14
262 18,18 -91 5 3.2E-14 4,3E-14 2,56E-14 3,4E-14
GFO 282 415 270 15, 8¢ =90 43 T T 7°22.8% T T,5F-14 10, ° Ba, 0,778 " " 3,4E-14 ~ T,9F-1% ~ T2 BESTE T
262 17.78 -77 53 3.3E-14 4,5E~14 2,6E-14 3.,5E-14
GFO 267 42¢ 276 16,23 -100 a5 22.94 1,914 7. 78, 0.784 2,6E~14 1.,56-14
264 17.19 -47 5¢ 2.6E-14 3.5L—-16 2.0E—-14
" GFC 271 4ef 335 22,690 -1058 48 5,60 1.8E-15 4, 74, 0,860 | 2.4E-15 1,5E-15 2.1E-15
359 25401 -9% 44 8.0E-106 1, 1E~15 6. 9E-16 9.3E-16
GFO 237 422 z79 T5.79 -f10 47~ 23,13 1.16-14 11, 72, 0,785 1,5E-14" 77 8,A6E-15 " T ZE=T&a—
264 16,88 ~94 94 2.76-14 3,6k-14 2,1E-14 2.9E-14
TGFCT 300 423 310 7 z1l, 50 -%8 51 4412 5. 3E-15 . 7t, 0,845 7.28~15 4,5E~15 6, 0E~15
349 22,49 —-d5 44 1,4£-15 La9E-15 142615 1,6E-15
GFU 318 424 320 21,66 -93 48 4421 3,7e-15 2, 73, 0,856 5. 2E-15 3.2E-15 4,3E-15
355 22437 ~88 41 9, 2E-16 ly2f~15 7.9E-16 1, 1E=-15
GFC 355 %26 30T T4, 25 -T=Es a4 TTT 20,20 °  S5,8F-1%5 S 72, 0,301 7.8E-13 4,6F-15 6.3E-15
27y 19,07 -77 Sl 9,0L-15 1.26-14 7e2E~15 9.7E-15
GFC 3es 428 303 13,73 -58 46 20, 34 7e4t—15 Se 78, Je.501 1,06—14 5,915 8,0E-15
276 1446C -g2 93 le3t—1a

1.8k~14a 1.0E-14 1,46—-14
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Table 3 (continued)

L o CURRECTED
o CURRECTED CUMPUSITION COMPOSITIUN

LUC AL GECGRAPHIL MEAN RHO N2el6 QHO N2+ 16 ADJUSTED ADJUSTED

. ALTITUDE ~ TIME LUNGITLCe LATITUDE GMT DeNsITY A F COMP, DENSITY OENSITY DENSITY

STATION PASS DATE (KM). (HRS) (DEGKEES) , trns) (GM/CC) (P) (F1o.7) (K) {uM/CC) (GM/CC) tGM/cc)

GFU 389 429 30s 20,27 101 4o 3,03 443L-15 4, 78, 3,837 5.3E=15 3,65-15 4,98~15
B D X ¥ Y 20, 85 ~93 40 1.,9E-15 2,6E-15 1,6E-15 2,1E-15
GF U 429 501 349 12,18 -101 39 18,93 3e4L—1b 33, 82, 04855 4,bE=15 2,95E-15 3.96-15
320 12,74 -53 45 o4 lE-15 B, 2E=15 5, 2E-15 7.0E-15
GFO 464 502 342 12,07 -104 42 19,03 3,00-15 24, 82, 0,851 4,9E-15 3,1E-15 4, 15
T T 320 12,53 -98 4o 543E-15 7.2E-15 4,5C-15 6 5
GFO 474 506 327 11,96 -108 47 19,20 0,38:-15 19, 8e, 0,827 9, 2E=15 5,6E~15 7.6E~-15
- . 293~ 7 13,04 ~93 54 1,56-14 2,26-14 1,3E-14 1.8E-14
GFG 448 505 arez 10,91 -109 4V 17.59 Lebi-1 12, 84, 0,802 1,9£-15 1,26-15 1,66-15
325 11,41 =87 438 e 2E-1 7.0E-15 4,56-15 6,1C~15
GFG 563 500 374 10,65 -10% 4G 17,67 1,5E-15 R o7, 0.805 2,0E-15 1,36-15 1,86-15
- R 3307 7T 11,49 -93 48 349E-15 Se3E-15 3,4E-15 4,6E-15
GFU 507 507 278 17,77 -94 45 0439 LeoE-1la o, 38, 0,810 2,0E-14 1,2E-14 1.,6E-14
) TTTTTTT T T T 7306 T TT1de53 -dd 3o 4,8E-15 0,5E-13 3,9E~15 5,2E-15
GFO £43 509 323 11,14 ~102 52 17,96 5,4E-15 14, Su, 0.825 7.26-15 4,4E-15 5,96~15
290 12,45 =83 37 ' 1,9F~14 2,0E-14 1.6E<147" " """ 2,1E-14
GFC €07 513 335 10s11 -97 54 16,59 Je4E-1S 22, 09, 0,340 1.36-14 7.95~15 1,1E-14
303 11,28 -83 b7 2,0E-14 2,76-14 1,76-14 2.3E-14
GFU e2s sl4 201 15,00 -100 47 21409 3.8c-14 12, 95, 0,778 5. 1E-14 3,0E-14 4,0F-14
270 15,72 -90 33 3,2E-14 4,3E-14 2,5E~14 3,4E-14
GFU 739 522 508 5,30 -102 45 12,14 1,7C-17 EN 89, 0,994 203E~17 1,72-17 2,36-17
213 Be I T -91 A7 8,0E-17 1,1E-16 8, 0E-17 1.1€-15
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Table 3 (continued)

CORRECTED

CORRCCTED CCOMPOSITION COMPQOSITION

LOCAL GEGGRAPHIC MEAN RHO N2, 16 RHO N2e 16 ADJUSTED ADJUSTED
ALTITULL  TIMe LONGITUDE LATITUDc GMT DENSITY A F COMP, DELNSITY DENSITY DENSITY
STATICN FASS  uATE (KM) (HR5) (DEGREES) (HRS) (Gw/CC) (P) (F10,7) (K) (GM/scC) t6Mrcc) (GM/scC

GFuU 754 (X 453 Se 8L -96 47 12,22 3.9L-17 3, 93, V.542 5e3E-17 3,7E-17 S5.06-17
413 e b1l -86 52 Lede~10 1.3E~10 9,4E-17 1.3E-16
cJL 197 4l1e 271 20,40 ~154 57 607 —eOL-14 e Bes, 0,793 2,76-14 1,66-14 2.18=14¢
- - T o2vs T 22,00 -130 57 1,0e-14 1.36-14 7.9F-15 1.1E-14
ciL 41e 5014 2oy 15,00 -147 57 13.4C de2E-14 35, 42, 0,776 4.3E-14 2.52~14 3,4E-14
coL 433 TTBY2T T 2657777 15,80 -150 58 1,50 3.26~14 24, a2z, 0,776 4,30-14 2,5F-14 3,48E-14
coL 507 507 267 14,60 -143 354 9,25 6. Bd, 0,776 Se4L-la 1.,90-14 2,6C-14
zol 15,50 -125 Se 4,30-14 2,6F~14 3.5E-14
ceu 522 508 cb5 14,70 -144 57 12,30 2,9E~146 10, 86, 0,776 3.90-14 3,0E-14
ccL 724 Secl 0 ERRT] -153 57 183,64 1.3cL-18 5. 88, 0,345 1,8E~15 1,1E~15 1,55-15
'] Gy -132 54 4430-19 S,0E-15 2, 0R-15 4,9E-15
coL 743 522 345 B, e -i134 57 18,70 1,515 3, 59, 3.843 2,0E-15 1,35-15 1,72-15
305 9,58 -141 &7 5.5E-15 74015 4,6€-16 64 3E=15
T CCLT 758° 523 7T 333 8,71 ~ -1B17 38 18, 3C 2,4FE-15 3. 93, 0,832 3,2E-15 2.,0E-15 2,7C-15
295 10439 -128 56 B 0E-15 1.1t-14 64 7E-15 9,0E-15
coL 772 sz4 375 7.23 -143 Su 17.17 4,4E-16 2, 59, 0,867 Se9FE—-16 3, BE-16 S,1E~16
324 9,77 -12o 53 2.6E-15 3.5t-15 2,3E~15 3,0E-15
cC 173 6264 334 3456 -154 58 18, 82 2,1E-15 2, 39, 9,835 2,BE-13 1,8BE-1S 2,8E-15
296 10410 -141 56 6.BE~15 9, 2E~15 5, 7E-15 7.7E-15
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Table 3 (continued)

CORRECTED

CURRICTED COMPOSITION COMPOSITICN

LUC AL GLLCGRAPHIC MEAN RHU N24s16 HO N2s16 ADJUSTEL ADJUSTED

ALTITUOL TL4E  LUNGLTUDE LATL{TYDE  GMT VENSITY A + COMP,  OENSITY DENSITY DENSITY
STATIUN PADS UATE (kM) {HRS ) (DEGREES) {HRS) (GMrscce) (P) (F10,7) (K) (smM/eC) (6M7CC) (GM/CC)

cuL 707 525 3i7e 7,05 -152 57 17,07 6,5e-16 3, 33, 0,358 B,8E-10 5,6E-16 7. 6F =16

328 d4 30 ~129 58 247E-1% 3,0t-15 2,37-15 3,2€6-15

cuL 7484 525 334 8,40 -157 5d 19,88 3.2e-15 3 83, 2,845 4,3k-15 2,7F-15 3,6E-15

295 9,96 =134 5% 7ede~15 1,1E-14 6L,6E~15 8,9E-15

coL £02 526 353 764 -l44 5S¢ 17,28 l,4£-15 b, 75, 3,855 le9E~=15H o 2E~15 1,6E~-15

351 T G, 38 -134 54 244E-19 3,2E~15 Pe1E~15 2,3E-13

CGL €03 5¢6 333 8451 ~15s o3 18,92 Sele-1b e 7o, 0.832 G428 =15 2,6C-15 3,5E-15

295 276 -137 54 7.1E~15 9enE-15 5,9F-15 8,0E-15

caL 17 s22 373 6, €6 -15¢ o7 17,29 0.0e-10 7. 3¢, 0.851 8,1E-1o S5.2€E-16 T+0E~16
329 8,32 -145 57 2,0E-15 3,56-15 2,2E-15 ~TT3,0E=15T

ccL £31 528 418 Sebe -182 55 15,88 2.3t~16 16, 79, 0,900 3,1E-16 2,1E-16 2,8E-15h

T T T T FeaT T 6a 98 -137 5@ 1.,3€-15 2.4E-15 1,6E-15 2,2E-15

cCL 875 £31 455 4,23 -14y 34 16,19 oL,uL-17 9, 39, 0,934 9,26-17 by 4E-17 8,6E~17

) 395 2,68 -128 58 24 9e-18 3,3E-10 2.,7E-16 3,7E-16

CoL €77 531 355 6,07 -155 97 17,51 Le5L-15 9, 49, 0,853 2,0L-15 1,3E=15 1,76-15
314 8, 21 =140 Sa4 « 715 64 3E-15 4,0E~15 5,4E~15 -

coL 8yl 601 385 Se 883 -151 53 15,92 vedb-lo 11, a4, 0,831 1,26-15 7o 9E=16 1,1€-15

- 357 - XX 4 139 57 l,4b-15 1.3E-15 1,2E-15 1,78-15

cuL vis 604 433 4,13 -183 57 14,08 YelE=17 S 79. 0,913 S,be~17 3,72-17 S.1E-17

- o - - T 376 5469 -131 57 2.9I-16 3.9~-16 2,6E-16 3.,6F-16

coL 950 60 440 3. 80 -lsy o7 14,42 Ly7c=17 2, 73, 0,930 2,3t-17 1,60-17 2.12-17

T00 %, B4 -144 5b 7.06L-17 1,0E-16 7.1E-17 9, 5F-17
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Table 3 (continued)

CORRECTED
CORRECTED CUMPOSITION COMPOSITION

LUCAL GEQOGRAPHIC MEAN RHO NZ2slb RHU N2+16 ADJUSTED ADJUSTED

AL T1 TUDE TIiMt LONGITUDE LATITUOE GMT DENSITY A F covp, DENSITY OENSITY DENSITY

STATION PASS ULATE (KM) {(riR>) {DEGREES) (hRS) {GM/CC) (P) (F10,7}) (K) {GM/CC) {GM/CC) (G4sCC)

cuL o3 60¢ 425 “q U5 -156 So 14,47 1,5€-17 16, 77, 0.309 2,06-17 1,46—-17 1.,8E-17
377 S5, 36 -137 57 9,0E-17 1,26 10 8,2E-17 1,1E-16
WNK 16 404 407 3e 23 -12 53 44,05 l,1£-16 19, 70. 0,951 14315 1,0E-16 1.4E-16
469 4, 33 & ud 3,18-17 4,2E-17 2,9E-17 ~ 3,0E~-17
WNK <l 405 454 3,90 -4 47 4,17 4.,9E-17 32, 72, 0,992 6,0E-17 4o FE-17 6,6E-17
N 438 4,37 3 43 - 1,8E-17 2.4F-17 1,B8C-17 248E-17
WK 45 406 405 2,47 4 52 2,64 lebt-1lo 19, 78, 0,933 1,96~106 1.36-16 1.BE-16
430 3,47 12 48 7.9E-17 1. 1E-16 7.8E-17 1,0E-16
WNK 519 497 4038 2, 75 J St 2,76 1,%E=-16 15, 80, 0,933 240E-16 l,4C~106 1.9E-16
‘__' 440 3. 3T 8 47 B,4E-17 1,1E-16 7.3C-17 1.,1E-16
WK lod 414 333 23,40 -3 94 12414 e 4L-15 17, 87, 0,855 4,00-15 2,915 3.95-15
- 345 77T d. 15 0 53 2,1F-15 24.8E-15 148E-15 244E~-15
WNK c37 41y 314 224 34 -9 53 23,00 SetE—-15 15, 88, 0,851 7e3E-15 4, 6E8~-15 642E-15
- - : T TTas? 23.52 ? 4o 1,16-15 1.5E~15 94E-16 1.3E~-15
WNK d5L 4249 303 13,65 -9 47 14,02 ve4kE-15 4, 73 0.301 H,6L-15 Sa1E-15 6,92~-15
- 275 14,85 12 "5¢ 7 7 1,314 1,3E-14% 1.7E-14 1.4E-12

wWAK 426 £01 300 13,33 -13 Su l4,20 l,0c—-14 35, 82 0,400 2e20~14 1,32-14 1,7E~-1
274 14,54 5 55 2,80-14 3,3E-14 2, 2F~14 3,0E~-14
WNK Se2 S10 265 log 03 -4 47 lo. 06l 3.0L~14 14, o7 0,737 4,9E-14 2,4F—14 3,8F~14
285 17,22 S 338 1,3E-14 24.4F-14 1.,4E-14 1,9F-14
WNK tlo Si4 451 e D4 -10 S 10,22 d45_—15 12, GO, 0,845 4,7E-15 3,0%-15 4,06-153
STT T3, 83 S 57 B,3F-15 1,2E-14 7.8E-15 1,0E-14
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Table 3 (continued)

CORRBCTED

CORReCTED COMPOSITION CCMROSITION

LUCAL GECGRAPHIC MEAN RHu N2,16 MO N2, 1o ADJUSTED ADJUSTED
) ACTITUDE  TIME LGNGITUBE LATITUCK GMT JENSITY A F CuMP, OENSITY OENSITY DENSITY
STATION PASS DATE (KM) (HRS) (DEGREES) (HRS) (Gascc) (P) (F13.7) (K) (GM/CC) (GM/CC) (GM/7CC)

_WNK 635 515 2vo 14,40 -3 53 13,62 3,2c-14 6. 94, 0.775 4,3L-14 2.5E-14 3,35-14
T 260 14, 64 15 48 4,0L~16 S, 4L—-16 3, 1E-14 4,2E-14
WNK 738 sz2 296 104 44 -4 57 10,73 3e.0E=15 3. B3, 0,793 l1,2t=14 64 8E=15 9,2E~15
270 11,83 16 ol 1,3c~14 2,4k-14 1.,40-14 1,96-14
WhK 753 523 280 10, 6¢& -2 o> 10, 80 PR 3. 93, 0,709 1,3E~14 6,7E~-15 9,0F=15
TT T TR0 T 11,60 12 51 1e9E~16 2,0E-14 1,1E-14 1,4E~14
WNK 7564 523 268 11,76 -10 S0 12,46 L.7t~14 3, 93, 0,736 2, 3b=14 1, 3E-14 1,85-14
- 259 12,€2 2 42 2.6C-14 345€E-14 2,0E-14 2.8E-14
WNK 765 524 476 5,28 -3 45 2483 2 lE~17 2. N 0,962 2,8E-17 2,0E-17 2,7E-17
- 416 Ge 31 B A deac-17 1,3-1u 9,08-17 1.26-16
WNK 768 524 288 1Us50 -5 52 10.87 3.22-13 2, 39, 3,730 Leli-la 6.5E-15 Be7E~15
-7 266 11,70 12 44 lyoE-14 2,214 1.3E-14 1.7E=14
WNK 783 €25 258 10,33 -3 54 10,90 sele=15 3, 33, 0,799 1,it-14 b, 4E-15 B.6E-15
B TV 11,47 8 a7 l,dE-14 24,4014 1,4E~14 1,96-14
WNK e1e 527 458 4,98 -15 30 L, 02 3.9r=17 7, by 0,937 S.dL-17 3.7t -17 G 9F =17
397 6s 27 37356 le5C-15 2,0E-16 1,4C-16 1,9E-15
WNK 840 526 403 54 80 -5 5, 6,14 4,.3r-10 21, ER N 04905 Sent—1lo 3.9E=16 543F=16
7 6422 i 57 Y,40-16 1,36-15 1,1E=-15
WNK E42 529 311 £, 71 -11 oo 9,46 2l 40, 0.8V 7,60-15 6,1F=-15
279 e G4 7 4 Z,8E-14 2.3E-14

ANK  gtd 530 2402 12, $3, 1,006
- TZT 3,32 3 46 2,00-17 2.7C~17 2,0E-17 2.,72-17
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Table 3 (continued) e

CORRECTED
- - T - T = - CORRECTED COMPOSITION CONMPOSITION ~—
LOC AL GEUGRAPHIC MEAN RHO N2,16 RHO N2+16. ADJUSTED ADJUSTED
ACTITUDE TIME LONGITUDE LATITUDE =~ GMT —~ DENSITY A ¥ COMP, DENSITY — ~ DENSITY —  DENSITY
STATION PASS OATE {KM) (HRS) (CEGREES) (HRS ) {GMsCC) (P) (F10,7) (K) {GM/CC) (GM/7CC) (GM/scC)

WhK 854 530 500 3,70 -12 48 4,50 3.,4E-17 12, a3, 1,000 4,6E~17 3 4E-17 4,6E-L7
WNK £99 602 475 3,56 =19 53 TTATTS T T 3,BE-17 10, Bl, T.970 5,TE=17 3, TE=17 S.U0E=17
430 4y 55 -2 55 1,0E-16 1.3E-16 Qe 7TE-17 1.3E-16
WNK 900 602 391 5. 57 o -11" 58 =~ =~ 76.33 ~ 2.,0E-16 10, " 8l. " UT.B7B Z,TE-I6 ~ “T,BE-TI6 Z,RE-16
345 6,83 7 57 1,3E-15 1,8E-15 1+ 1€E-15 1,5€=-15
WNK 90T 602 33T 7.08 =13 56 7.95 2.8E=15 10, 1 U, 835 3. BE-I5 2. ¥E=T15 3. 2E-TS
311 8202 1 53 4,8E-15 6,5€-15 4,1E~-15 S5,56-15

WNK CI%3 603 466 3.58 =16 55 5.565 GG IE=I7 B, T8Iy U,955  S5,SE-I7  JI.FESIT  S.3E-IT
430 45 40 -5 97 1.2E-16 1,6E-16 le1E-16 t + SE-16

WNK 316 €03 —33% 7. 1% =13 55 B, 03 J.0E-15 &7~ Bl. 0,832 3, UE-T15 25815 ITFE=TS
295 8,33 4 49 6,3E~15 8,5E~-1% 5.2E~15 Te1E-15
WRK 535 605 356 6,16 4 56 6,45 4, 3E-16 2, 78, T, 853 5.8E-16  3.7E-I6 5. UE=T5
310 Te 48 15 50 3.,5E—-195 4,7E-15 3, 0E-15 4 90E-15
WNK 975 607 “338 < by 33 -3 53 6,54 2, 2E-15 &3,  Ba, 0,839 ~ 3,0E-I5 T, BE=T15 2+ BE~15
305 7. 21 1o a7 8,0E-15 1.1E~-14 6.7E-15 9. 1E-15
- “WNK 90 ~ &08 317 T 6368 T 49 — T TBJB0 T I.7E-I5 T2, 50, VeB27 ~2,3E-15 Ted4E-1I5 I.9E=T5
305 64 99 6 46 3.2E-15 4,3E-15 2+6E-15 3,6E-15
SNT 27 &0 [Y-49) TOe 90 =85 —37 2. 68 3. 8E=18 19, 70, TS 050 5. IE-IB R, U0E=TH B.AE-18
550 17,53 -78 -28 1.9E=-17 2.6€E-17 2,0E-17 2.7E-17
SNT  15% 313 §33 3. 97 =77 -20 T T TI0GIF T TALS5E=TT7 10, 89, 1260 2,06=17 1. 9E=17 2o6E=17
875 Se 44 -71 -29 1,1E~-17 1 S5E~17 1,4E~17 1,9E-17




Table 3 (continued)

CORRECTED
o T - CORRECTED COMPDSITION COMPDSITION ™
LOCAL GEQGRAPHIC MEAN RHO N2s16 RHO N2, 16 ADJUSTED ADJUSTED
ALTITUDE TIME LCNGITUDE LATITUDE™ GMT DENSITY A F COMP, DENSITY DENSTTY DENSYTY — 7~
STATION PASS DATE (KM). (HRS) (DEGREES) (HRS } (3M/CC) (P) (F10.7) (K} (GM/cC) (GM/CC) (GM/CC)
SNT 759 523 535 165 11 -71 -27 20,88 1,7E-17 3. 93, 1,035 2,3E-17 1.86-17 2,4E-17
600 16,65 T -64 =36 T 7 E-18 3.,1E-18 2.4E-18 3.2E~-18"
SNT 789 525 558 15.77 -78 -33 20,98 1,56-17 84 83, 1,040 2,0E-17 1,6E=17 2,1E~17
590 16,06 =74 —-37 5.8E-18 7.86-13 G.0E-18 B, IE~-I8
SNT a33 528 515 14,66 -72 -31 19,47 3.,5E-17 16, 79. 1,015 4,7E-17 3,6E-17 4,8E-17
555 15,01 <67 -36 L.aE-T17 TT T T T TTTTTIGRERTT T I RESTT T TLG9ESTT
SNT 966 606 475 12,03 -68 —-36 16,58 3,1-17 11, 84, 1,000 4, 26-17 3,1E-17 4,26-17
510 12,39 263 <40 7T UTTTTALO0ESI7T . T TT T T T O TUALBESTIT TL,0E=STY T.3E=17
Qul 13 404 405 18,82 -82 -7 0,32 2,0E-16 19, 70, 0,889 2,7E-16 1,8E-16 2.4E-16
355 15, 22 =77 2 9,06-16 1, 2E-15 B, OE-16 T.IE-15
Qul 264 420 542 13, 38 -91 -7 19,45 4,6E-17 7. 73, 1,006 6,26~-17 4,6E~17 6,2E-17
488 13,72 =86 T 7.5E= A B9 1-C ¥ - TSE=17 T.0E-16
aul 278 421 604 12.74 -77 -15 17,89 1,6E-17 4, Tae 1,036 2,2E-17 1,7E=-17 2,26-17
533 3,18 =71 -5 3.7E-17 5,0E-17 3.BE-17 5. 2E-17
aul 788 525 328 13. 96 -78 6 19,19 3,0E-15 8, 83, 0,869 4,06E-15 2,6E~15 3,5E-15
380 T3, 42 =72 -5 5.3E-16 By 5E-16 5.5E=16 7.%E=-16
Qui 803 526 343 13,73 -82 3 19,21 1,6E-15 64 76, 0,857 2,26E-15 1,64E-15 1,9€~15
343 13,83 =81 1 T,2E-T5 ~— ~ T.BE=15  T1,0E=15 " T1,3E=I5
Quil er7 531 329 12,33 -83 -~2 17,85 1,9E-15 9, 89, 0,860 2,6E-15 1,6E~15 2,2E-15
356 12, 58 =79 =8 5,6E-15 - - 7.6E<15 3 BE=TE 5.5E-16
Jos 740 s22 510 16, 26 28 —22 14,42 3.6E-17 3, 89, 1,017 4,6E-17 3,5E-17 4, 7E=17
S70 T6, 71 34 =31 Y, BE=18B T 3E=171 T OE~=17 Te JE=17
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Table 3 (continued)

CORRECTED
°7 77 TCORRECTED TOMPDOSITYON COMPOSITION
LOC AL GEOGRAPHIC MEAN RHO N2+16 RHO N2,t6 ADJUSTED ADJUSTED
ALTITUDE = TIME LONGITUDE CATITUDE GMT DENSITY A F TCOMP, DENSITY DENSTTY DENSITY
STATION PASS DATE (Km) {HRS}) {DEGREES) {HRS ) {GM/CC) tP) (F10,7) (x) (GM/CC) {GM/sCcC) (GM/CC}
N R . -
JOB 888 60L 458 13, 23 25 -27 11,59 6,1E-17 11, 84, 06995 8,2E-17 6,1E-17 B84,2E~-17
A96 13455 29 =32 2.5E-17 - T - T 3L.AE-17 2,5E-17 I, AE-T1T
ocM 721 521 553 16,91 135 -27 7,96 2,1E-17 S. 88, 1,053 2.8E-17 2,2e-17 3,0E-17
622 17,38 142 =36 5.,3E-18 T ZE-T3 S, 6E~18 T.5E-T8
oam 736 522 545 16459 129 -27 8,00 1, 7E-17 3. 89, 1,045 243E-17 1,8E-17 244E-17
613 17,15 137 =36 5., 7E-T8 Y. 0E=TT 7. 0E=18 Y OE-T8
ooM 795 526 531 15,44 133 -30 6,59 3.1E-17 6o 76, 1,034 4,26~-17 3.2E~-17 4,3E-17
EU3 16408 142 =39 7. 6E=T8 T O0E=17 T.9E=18 T IE=TT —
OCQM 987 608 419 11,13 134 -29% 2,20 3,2E-16 12, [0, 0.940 4,3E-16 3,0E-16 4,1E-16
440 TT¢ 34 137 =32 T+0E=T106 2 2E-T10 TJHE=16 2o UE-TO
FTM 20 404 513 4, 83 -86 40 10,56 2,1E-17 19, 70, 1.021 248E-17 2.1E-17 2,9€-17
— 580 5449 =76 31 T, 0E=17 T,3E-17 1, 0E-17 T, 4E=17
FTM 34 405 489 4, 34 -70 a2 9,01 44,8E~-17 32, 72, 1,003 6,5€E~-17 4 ,8E-17 6,5E~17
525 4275 ~&64 38 2Z40E-17 3.0E-T7 T 24 DE=T17 Ery-1-00 WA

FTM 301 423 463 23,81 -91 24 5,92 3.3E~17 9, 71, 1,000 445E~17 3,3E-17 4,5E-17
— 530 U, 30 =B85 I3 T, UE=17 TW3E=17 T.0E=17T T.3E=17
FTu™ 369 427 356 13,03 -83 33 18,58 1,6E=-15 10, 7S5, 0.863 242E-15 1,4E-15 1,9E-16
335 T3, 33 =79 38 2,915 - - 3 IE-T15 2, SE=TS 3.3EFIS
FTM 442 502 490 10,52 -77 16 15,68 5.5E-17 24, 82, 0,988 Ts3E-17 Se 4E-17 T7.3E-17
450 T0,91 =72 2% T, %E=10 Tt T.9E=156 T.AE=TE T, 9E=T6
FTn €ao0 5185 295 16,16 -85 28 21.83 2,1E-14 6, 8, 0,834 2,8E-14 1,8E-14 2,4E-14
335 18,71 =77 17 5, 5E- 15 B, 8E=1I5 S.ARE~15 7.3E-15
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~ Table 3 (continued) —

CORRECTED
Tt T ) - ORRECTED COMPOS PO ON
LUCAL GEOQGRAPHIC MEAN RHO N2+16 RHO N2, 16 ADJUSTED ADJUSTED
ALTITUDE TINE LONGITUDE LATITUDE GMT DENSTITY A~ T F T T COMP, DENSITY  DERSITY  DENSITY
STATIGN PASS DATE (K ) (HRS) (DEGREES) (HRS) (GMscC) (P) (F10,7) (K) (Gmscc) (GM/CC) (GMscc)
FTM 649 516 590 6s12 -84 19 11,74 6,5E-18 8, 100, 1,027 8,8E-18 6,7E~18 9,0E-18
525 6462 =77 29 T T T 1.9E-17 7 o Z.6E=T7 2L,0E=17 2, 6E-17
FTM 664 517 602 52,77 -90 19 11,79 4,6E-18 6, 100, 1,035 6,2E-18 4,8E-18 6.4E~-18
€35 64 28 -83 29 T.7E-17 2o 3E~17 T BE-17 Z.AE=TT
FTi 678 518 595 5S¢ 57 -70 21 10,24 3,2E-18 3. 98, 1.043 4,3€-18 3.,3e-18 4,5E~-18
560 5, 84 —66 26 B,2E-18 T . IE-17 B, 5E-18 T.2E=17
FTu 758 523 275 13,71 -79 25 19,01 1.4E-14 3. 93, 0,803 1.9E-14 1. 1E-14 1.5E-14
306 14,25 =72 14 5,015 - 6, 7E=-15 §,0E=T5 5. 3E=TS
FTM 773 524 268 13,26 -86 27 19,04 1,0E-14 2, a9, 0,793 2.2E-14 143E~14 1, 7E~14
295 T3, 82 =73 1% 5.4E-15 7.3E=15 §,IE=T5 S.8E=15



10.

11,

12,

22

REFERENCES

Horowitz, R,, ''S-6, an Aeronomy Satellite," Advan. Astronautical Sci. 12:1963.
Spencer, N., "The Explorer XVII Satellite,” Planet. Space Sci. 13:593, 1965,

Newton, G. P., Pelz, D, T., Miller, G. E,, and Horowitz, R., '"Response of Modified Redhead
Magnetron and Bayard-Alpert Vacuum Gauges aboard Explorer 17," Transactions of the Tenth
National Vacuum Symposium, edited by George H. Bancroft, pp. 208-212, The Macmillan
Company, New York, 1963.

Newton, G. P., Horowitz, R., and Priester, W., "Atmospheric Densities from Explorer 17 Den-
sity Gauges and a Comparison with Satellite Drag Data,' J. Geophys. Res. 69:4690-4692, 1964,

Newton, G. P., Horowitz, R., and Priester, W., "Atmospheric Density and Temperature Varia-
tions from the Explorer XVII Satellite and a Further Comparison with Satellite Drag," Planet.

Space Sci. 13:599-616, 1965,

Newton, G. P., "Evidence for a Latitudinal Variation of the Neutral Atmospheric Density,"
Trans, Am. Geophys. Union; Abstract C-A85, p. 75, 1967,

Pelz, D., and Newton, G., "Pressure Conversion Constants for Magnetron Ionization Gauges,"
J. Vac. Sci. and Tech. 4:239, 19617.

Schultz, F. V., Spencer, N. W., and Reifman, A., Upper air research program, progress report
2, Contract W-33-038; AC-14050 Eng. Res. Inst. Univ. Mich, p. 129, July 1948.

Havens, R. J., Koll, R. G., and La Gaw, H, E., "The Pressure, Density, and Temperature of the
Earth's Atmosphere to 160 kilometers,” J. Geophys. Res. 57: p. 59, 1952,

Horowitz, R., and Kleitman, D., ""Upper Atmosphere Research Report XVIII," U. S. Naval
Research Lab, Report 4246, Oct, 1953.

Ishii, H., and Nakayama, K., "A Serious Error Caused by Mercury Vapour Stream in Measure-
ment with a McLeod Gauge in the Cold Trap System,” Trans. 8th AVS Vas. Symp. p. 519,
1962,

Meinke, C. and Reich, G., "Influence of Diffusion on the Measurement of Low Pressure with
the McLeod Vacuum Gauge, Vacuum 13:579, 1963,



13.

14.

15,

16.

117.

Newton, G. P., Silverman, P., and Pelz, D., "Interactions between a Hypersonic Neutral Gas
Beam and an Orified Pressure Gauge Mounted on a Spinning Satellite,” Trans. Sixth Rarefied
Gas Dynamics Symp., Boston, Mass., 1968.

Moe, K. and Moe, M. M., "The Effect of Adsorption on Densities Measured by Orbiting Pres-
sure Gauges," Planel. Space Sci. 15:1329, 1967,

Moe, M. M., and Moe, K., ""The Roles of Kinetic Theory and Gas-Surface Interactions in Meas-
urements of Upper-Atmospheric Density,” Trans, Sixth Rarefied Gas Dynamics Symp., Boston,
Mass., 1968,

Von Zahn, U,, "Mass Spectrometric Measurements of Atomic Oxygen in the Upper Atmosphere:
A Critical Review," J. Geophys. Res. T2:5933-5937, 1967,

Reber, C. A., and Nicolet, M., "Investigation of the Major Constituents of the April-May 1963
Heterosphere by the Explorer XVII Satellite," Planet. Space Sci. 13:617-646, 1965.

23






Appendix A

Development of Equations Used to Interpret the lon Current
in Terms of Atmospheric Density

The purpose of this appendix is to develop the equations used to interpret the ion current meas-
ured at the gauge cathodes in terms of the atmospheric density. This development will be done for
nonlinear gauges, considering both the case of zero recombination and that of total recombination
of reactive gas species inside the gauge volume. By appropriate approximations the nonlinear re-
sults will be reduced to the results for a linear gauge, The composition sensitivity of the measure-
ments will also be discussed.

The Gauge Equation

Assume the gauge has a pressure response given by

I, = ¢ (P)P, . (A1)
where
I, = the gauge cathode current measured when a gas of species j is the only gas present
in the gauge
P, = the partial pressure of gas species j inside the gauge, and
C; (P) = the pressure conversion constant of gas species j, which for a cold-cathode gauge

is a function of pressure, and for a Bayard-Alpert gauge is a constant (the '"sensi-
tivity' of the gauge).

The pressure conversion constant C; for a given species of gas is experimentally determined,
using Equation Al by calibrating the gauge with that species only present in the gauge. If a particu-
lar species cannot be isolated so that its conversion coefficient may be determined in this way, then
the ratio of the conversion constant for that gas species to the known conversion constant of another
gas species is assumed to be equal to the ratio of the ionization cross-sections of the two species.

If a mixture of gases is in the gauge it is assumed that the total cathode current is the sum of
the currents which would be generated by each gas individually,

L= ) 1 = ) (p)E, (A2)

25



where

I, = the total measured cathode current.

Relationship Between Atmosphervic Density and
Gauge Cathode Cuvvent (Zevo Recombination)

The gauge is moving relative to the atmosphere and is exposed to the atmosphere through an

orifice. If is assumed that:

(1) The mean free paths of the particles are so large that the entering and exiting particles at
the orifice do not interfere with one another.

(2) The distribution functions describing the velocities of the entering and exiting particles
are Maxwellian, with the former being the distribution corresponding to the atmospheric
temperature and the latter being the distribution corresponding to the gauge wall temperature.

Because the vacuum time constants of the gauges are small compared to the satellite spin period,

it is also assumed that:

(8) There is equilibrium between the mass flux of particles entering and leaving the gauge

volume,

With these assumptions, the pressure of gas species j inside the gauge is given by (see Schultz
et al., 1948; Horowitz and Kleitman, 1953):

P = any’TTF(sj) = nTXjkVIT”l‘—’F(Sj), (A3)

J

where

n. = atmospheric number density of species j,
T = atmospheric temperature, °K,
T' = gauge wall temperature, K,

k = Boltzmann's constant,

n,. = atmospheric total number density,
7

X, = el fractional abundance of gas species j,
A\

5 T,

i

U. = most probable speed of atmospheric particles of gas j,
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satellite velocity component normal to the gauge orifice plane,

<
-
l

SZ

e I+ yms, [1+erf(Sj)] ,

e

—
7))

o
Il

55
erf(Sj) =ﬁf e'szdS .
0

Combining Equations A2 and A3 we have

I, = ZCJ.(P) n X, k VTT" F(s;) - ad)

i

Also, the atmospheric density can be written

p = n Zx.m.,
T i (A5)

where

m; = mass of one molecule (or one atom, if dissociated) of species j.

Thus Equations A4 and A5 relate the measured cathode current to the atmospheric density.

Relationship Between Atmospheric Densily and
Gauge Cathode Cuvvent (Total Recombination)

Making the same three assumptions as in the previous section, and assuming that total recom-
bination of species j occurs inside the gauge volume, we have when we equate the mass flux entering

and leaving the gauge volume:

where .
H = the orifice area,

the subscript 2j means that the mass in the U,; term is the molecular mass after recombina-
tion of the dissociated atoms of species j,

€, = number density inside the gauge of the recombined molecular form of species j.

27



The factor of two occurs because the particles leaving the gauge are twice as heavy as the entering

particles.
U.
_ 1 j
£ T 3T, R
]
whence
- kT’ _ 1 kyr—, m2j
Pyj €, KT 7 0; kYIT _ﬁj—F(Sj)
— 1 T - 1 7
= g KT F(s;) = 75 ne%; kYT F(S; ) (A6)

which differs from P, (Equation A3) by the factor 1/ 2.

When Equation A6 is used in Equation A2 to find the total current, the conversion constant for
the molecular species, C,, , must be used. Thus we have

I, ~ Z%CN (P)nijky’W F(s;)

* Z C; (P)n'r %y k V/TT F(Si) (A7)

i

where E is over the reactive gas species, which totally recombine inside the gauge, and Z is

J - .
over the nonreactive gas species.

Equation A7 may be put in the same form as Equation A4 if the following convention is adopted:
if total recombination of a particular gas species is to be assumed, the o (P) term for that gas
species must be replaced in the sum by C,, (P)/V’E.

Relationship Between Atmosphevic Density and
Spin-Modulated Cathode Cuvvent (Linear Gauge)

The customary technique for measuring the atmospheric density with gauges is to take the dif-
ference between the gauge output currents when the orifice normal makes the smallest angle with
the velocity vector (maximum ram velocity) and when the orifice normal makes the largest angle
with the velocity vector (minimum ram velocity). Using Equation A4 under these conditions, and
assuming the atmospheric structure parameters do not change over the time and distance increments
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required for the vehicle to rotate 1/2 of a spin cycle, we have

AL, = I - I

= Znijle_TF [c,. () F(s;,) - C (PN)F(st)] (A8)

where the subscripts X and N indicate quantities evaluated at the maximum and minimum ram ve-
locity conditions, respectively. (One advantage of this procedure is that if a current caused by
residual pressure from wall outgassing is present in addition to the other gas currents, and if the
residual pressure is constant throughout the spin cycle, this current will not effect the AT, value.)

Equation A8 may be written as

Ay = Z% PURUos X, [Cj (P ) F(s;,)-c; (Py) F(Sm)] ’ (A9)

i

where U, and U__ are the most probable speed of a particle of mass m inside the gauge and outside
it in the atmosphere respectively.

For a linear gauge mounted on the spin equator, Equation A9 reduces to

P (A10)

B} AIT '
m,
j
Y7ULV z X; Cj‘/—%
j

since C, is independent of pressure.

The computer program which calculated the densities for the Explorer 17 data converted the
measured currents to pressures using the gauge sensitivity for molecular nitrogen and a mean
molecular mass of 16 for the atmosphere, Also, the calculated densities were normalized by mul-
tiplying by 1.83 to the averaged effect between no and total recombination of oxygen inside the gauge.
Thus we have for the calculated densities

AL,
Cu apy
2 2
P = 183— 77— = 1.83——77— "
Nj.16 Y7 Ur 6 Vi ﬁUI.ls Vi, (Al11)
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Thus if we calculate the ratio

K = 5~ '6

1.83

(A12)

we can use Equation A12 to adjust the calculated density to any composition (and by our convention
we may also calculate the effect of total recombination).

For a nonlinear gauge mounted on the satellite spin equator an iterative procedure is required
to solve Equation A9 exactly, since in this case C;, (Px) also contains the density p. This iterative
procedure may be avoided by making several approximations, as discussed below.

Relationship Between Atmospheric Density and
Spin-Modulated Cathode Curvent (Nonlinear Gauge)
We have developed Equation A9 as the general expression relating the atmospheric density and
the Al observed during the satellite spin. If we interpret the observed maximum and minimum
cathode currents as being due to nitrogen gas only, Equation A9 may be rewritten as follows:

= 2 (A13)

where P, and p_ are, respectively, the maximum and minimum equivalent nitrogen pressures dur-
ing the spin cycle. Several approximations will now be made,

(a) As is usually the case for satellites, s, > 1and s, << -1; therefore
F(S] X ) = 2',7—7 ij
and F(s,, ) is negligible compared to F(s, ).
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Cj (Px) C]
@ my " T

Approximation (b) is not very critical, since C; /C P, ) is the coefficient of the F(s,)
term which by approximation (a) is usually extremely small when compared to F(s,,). Approx1-
mation (c) is not very critical, since for large maximum-to-minimum pressure ratios where

/C P,) ~ 2 the minimum pressure P is small compared to the maximum pressure P,
and there is 11tt1e difference between subtractmg P, and subtracting 1/2 p, from P, in Equatmn A13.
Furthermore, if the maximum-t{o-minimum pressure ratio is small, the ratlo Cy /C P,) is
nearly unity because CNz (PN) is a slowly varying function of the pressure. The error 1ntroduced
by approximation (d) can be seen from Figure Al., In Figure 1A, the lines represent the Bayard-
Alpert gauges values used in analysis of all of the data reported and the points represent the cor-
rect values for the equatorial NRC gauge. It is seen that the values used for the sensitivity ratios
for the NRC gauge are too large by a percentage dependent on gas composition and pressure. This
causes the previously reported density values to be too low by approximately 0 percent at perigee
and approximately 12 percent at altitudes between 300 km and 550 km.

Making these approximations, Equation A13 may now be written as

PX N B
Cj m, (A14)
V) s Y
T 2
i

If we calculate the ratio o/py, |, using Equations A14 and All, and remember that &P = P, - P,
M 2
we obtain Equation A12,

Equation A12 was used to calculate a "composition adjustment factor,"K. These K values were
applied to the calculated values of Pr, & , using the relative composition obtained by diurnally
averaging the Explorer 17 mass spectrometer results. The variation of K with the various assumed
atmospheric compositions is illustrated in Figures A2 through A7, and illustrates the generally
small sensitivity of the densities to composition uncertainties for gauge pressures greater than
1079 Torr.

31



Wf A RAEL 1 ey L Pinn Franm
.90 - ~
O,
.80 |- -
70 _
.60 r _
o ..‘
- | le) ]
6|5 -5 -
Ha
40 —
.30 H -
[}
.20 He —
L0 _
1 llIllUJ 1 IlIlLLILl lIllLllI 1 |Il|||l| 1 E il
107 10° 1078 1077 107°

PRESSURE ( torr)

Figure A1—C. versus pressure for various gases. The
lines represent the Bayard-Alpert gauge values. The
points represent the Redhead gauge values. Values
for atomic oxygen, molecular hydrogen and atomic-
hydrogen are calculated as explained in the text,
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Figure A2—Composition adjustment factor versus atmos-
pheric mean mass for the indicated binary atmospheric
gas mixtures. The two cases of no and total recombina-
tion of atomic oxygen in the gauges are presented.
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Figure A3—Composition adjusiment factor versus
atmospheric mean mass for a binary atmospheric
mixture of helium and atomic hydrogen. The two
cases of no and total recombination of atomic
hydrogen in the gauges are presented.
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Figure A4—Composition adjustment factor versus percent
atmospheric helium for a tertiary atmosphere of atomic
oxygen, atomic hydrogen and helium. Because of the
small effect of atomic hydrogen recombination, the two
cases of no and total recombination of atomic hydrogen
are not shown,
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Figure A5—Composition adjustment factor versus percent
atmospheric helium for a tertiary atmosphere of atomic
oxygen, atomic hydrogen and helium. Because of the
small effect of atomic hydrogen recombination, the two
cases of no and total recombination of atomic hydrogen
are not shown.
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Figure Aé—Composition adjustment factor versus percent
atmospheric helium for a tertiary atmosphere of atomic
oxygen, atomic hydrogen and helium. Because of the
small effect of atomic hydrogen recombination, the two
cases of no and total recombination of atomic hydrogen
are not shown.
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Figure A7—Composition adjustment factor versus percent
atmospheric helium for a tertiary atmosphere of atomic

oxygen, atomic hydrogen and helium.

Because of the

small effect of atomic hydrogen recombination, the two
cases of no and total recombination of atomic hydrogen

are not shown.
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